INTRODUCTION
Malaysia comprised of two regions, Peninsular Malaysia, which is popularly known as West Malaysia and East Malaysia. Peninsular Malaysia consists of 12 states while East Malaysia consists of the two states of Sabah and Sarawak, which are located on the island of Borneo. The two regions are separated by the South China Sea.
The public water supplies in most areas in Peninsular Malaysia and Sarawak are fluoridated. This was the result of positive findings from the public water fluoridation programme, which was first started in Johore Bharu in 1957 (1) . In 1972, the Malaysian Cabinet passed a federal policy to fluoridate public water supplies in the country (2) . Since then approximately 66.8% of the population in Peninsular Malaysia and Sarawak receive fluoridated water (3) . However, with the exception of water supplies to the Federal territory of Labuan, there is no fluoridation of community water supplies in the state of Sabah.
Several epidemiological surveys on oral health of schoolchildren have been conducted in Malaysia since 1970 (4) (5) (6) (7) , where the main focus of the surveys was directed towards dental caries and not much emphasis was given to enamel defects. More recently however, as a result of increased awareness and concern over the defects of dental enamel, especially in relation to fluoride uses, several studies have been conducted specifically to look into the prevalence of DDE in the states of Johore(8,9), Selangor(10) and Penang (11, 12) . All these studies indicated that the prevalence of enamel defects among children in these areas are above 70%. Due to high prevalence in these areas, it was therefore decided that as partof the National Oral Health Survey of School Children (1997), enamel defects among school children will be examined in order to determine the prevalence of DDE among Malaysian children and also to provide baseline for monitoring such defects.
MATERIALS
AND METHOD Study subjects were children aged 16 years old and studying in government or government-assisted schools. A complete list of these schools was obtained from the Ministry of Education, Malaysia.
In 1997, a total of 318,703 children met these criteria. About 1.3% of these children was drawn as sample subjects for this study.
A multi-stages stratified random sampling method was used. The schools formed the sampling frame and the school children formed the sampling units. The schools were classified by geographical location and the children were classified according to gender and ethnicity.
From each selected school, the classes were randomly selected from the school register. All the children in the selected classes were included in order to minimise disruption of lessons.
Regional and racial distribution of the sample did not closely follow the national distribution, as there was a slight compensation in the proportion of subjects from Sabah and Sarawak and also among Kadazan, Ibans and Other Bumiputras(indigenous groups) in order to obtain significant numbers.
Clinical examinations were carried out in the classroom by using a portable Waldman operating light with the patient seated on a portable dental chair and the examiner seated on a p0l1abie stool behind the subject. The teeth were not dried but gauze was used to remove oral debris when necessary.
The buccal surfaces of all fully erupted teeth were examined using the modified DDE index based on the recommendations made in 1992 by the FDI working group on developmental defects of enamel index (13) . The scores were called out by the examiner and recorded by a recorder, onto a specially prepared form. The sequence of examination was from maxillary right second molar to maxillary left second molar; mandibular left second molar 
Survey team and calibration
As the subjects for this survey were distributed over an area of over 320,000 sq. km, 13 dental officers were involved in the clinical examination of the children and 13 dental surgery assistants were recorders. Calibration and standardisation exercises were done prior to the survey and the results of inter-examiner agreement were as previously reported(l4).
to mandibular right second molar. Missing, crowned, unerupted, severely fractured or grossly carious teeth involving the buccal/labial surface of the teeth were recorded and excluded from analysis.
At the end of every working day, the data were entered onto a software programme designed for the purpose of this survey. The data were subsequently processed and analysed using the EPI INFO 6 and the SPSS statistical software programmes. 57.1 % as compared to 55% in females. There was no statistically significant gender difference with respect to enamel defects; thus subsequent data between gender have been combined.
A total of 111,857 teeth were included in the study of which 24385 teeth showed the presence of enamel defects i.e. a toothprevalence of 21.8%.
Region
. . The prevalence of enamel defects for'Peninsular Malaysia was 58.8%, 62.4% for Sarawak and 18% for Sabah. Similarly, the tooth prevalence was also highest in Sarawak and lowest in Sabah (Fig. 1) . The difference between Peninsular Malaysia and Sabah, and Sarawak and Sabah were statistically highly~gRificant, but the difference between Peninsular Malaysia and Sarawak being statistically non-signi ficant.
RESULTS
The distribution of subjects according to gender, ethnic groups and region is as shown in Table 1 . The subjects examined formed 1.3% of the 16-year-old from government and government-assisted schools.
A total of 4085 subjects were examined, of which 1972 (48.3%) were males and 2113 (51.7%) were females. The largest number of subjects examined were Malays (58.2%), followed by Chinese (22.8%). The rest of the subjects were made up of other indigenous groups which accounted for 7.3% of the sample, Indians/Pakistanis (6.3%), Ibans (2.4%), Kadazans (2.4%) and other ethnic groups (0.9%).
Mouth and tooth prevalence 2289 children (56%) examined had at least one' tooth with enamel defects. There were 1126 affected males and 1163 affected females. The prevalence of the affected males was [J] Mouth Prevalence III!l Tooth Prevalence * The frequencies in each category were not mutually exclusive. Figure 2 shows the prevalence of developmental defects of enamel for each of the 28 teeth. teeth. Enamel defects was more prevalent in the maxillary teeth than the mandibular teeth. The maxillary first premolar showed the highest prevalence (32.7%) and the least affected were the mandibular incisors. With the exception of the second molars, the tooth prevalence of posterior teeth was higher than the anterior teeth. were from non-fluoridated areas. Designation of whether areas were fluoridated or non-fluoridated could not be ascertained for 251 children (6.1 %) as the water supply to the school could not be ascertained.
Prevalence of affected tooth
With the exception of any other types of defects, mouth prevalence of all types of defects was higher in fluoridated areas than non-fluoridated areas. Diffuse opacities was the most prevalent type of defect observed and it was found in 67.4% of children in fluoridated areas as compared to 35.8% non-fluoridated areas (Table 2) .
Diffuse opacity was also the most prevalent type of defect affecting affected teeth, occurring more than three times in fluoridated areas than non-fluoridated areas.
The mouth and tooth prevalence of enamel defects between fluoridated and non-fluoridated areas were highly significant. 
Ethnic Groups
Chinese showed the highest prevalence of enamel defects with over 64% of the subjects affected. Among the Malays, a prevalence of 57.5% was noted. The prevalence of enamel defects among the Indian/Pakistanis is 54.5%, among Ibans is 52% and among other Bumiputras is 37.5%. The Kadazans were the least affected with a prevalence of 9.2% (Fig.3) . Enamel defects differ very significantly between ethnic groups.
The mouth prevalence in this study is highest among the Chinese. However, the tooth prevalence is highest among the Malay. It is difficult to explain this but the possibility of diet and other cultural differences between the two ethnic groups may contribute to this. The mouth and tooth prevalence is lowest among the Kadazans. This is not surprising as the Kadazans generally reside in the state of Sabah; where with the exception of I prevalence of 69.6% for children living III fluoridated areas observed in this study is almost equal to the prevalence of 69.0 % reported among 12-to l4-year-old New Zealand children (26) residing in low lluoride areas «0.2lppm).
It is also much lower than the prevalence of enamel defects among Hong Kong, Singaporean or Saudi children. Studies in Hong Kong reported a prevalence of 94.0% for 20-year-olds and a prevalence of over 99.6% for l2-year-olds.
Among l6-year-old Singaporean children (27) , a prevalence of 84.6% was reported and among l4-year-old Saudi males(25), a prevalence of 75.0, 82.0 and 93.0% were reported for low, medium and high lluoride areas respectively.
Although a wide variety of clinical appearances I of enamel defects were observed in this study, the most prevalent type of defect observed in both fluoridated and I non-fluoridated was diffuse opacity. Studies (8, 9, 27, 32) had shown that the prevalence of enamel defects, in particular the diffuse opacity was higher in population living in lluoridated areas and that the tooth prevalence of diffuse opacity was about 2-3 times greater among children in fluoridated than non-fluoridated areas. Clarkson and O'Mullane(16) also reported that while the prevalence was similar among children living in fluoridated and non-lluoridated areas in Ireland, the prevalence of diffuse opacities was higher among children in fluoridated areas. In contrast, it was reported that other types of defects (demarcated opacity, hypoplasia and disco loured enamel) were equally prevalent in both areas(8). In the present study, it was observed that the prevalence of diffuse opacity as well as other types of I defects were higher in fluoridated than non-fluoridated areas.
Discussion
Over the last 30 years, numerous studies have been conducted and reported in different populations regarding the developmental defects of dental enamcl (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) . Several indices were used, either based on presumed aetiology or based solely on simple description of the clinical appearance of the lesion. Thus, direct comparisons of these results are difficult.
The most widely used index is the developmental defect of dental enamel (DOE Index) (29) . This index was developed by the Commission on Oral Health, Research and Epidemiology of the FDI in order to overcome the need to arrive at a diagnosis of enamel defect on the basis of presumed aetiology. This index had been reviewed and modified for use in general purposes epidemiological study. The DOE index is now well-accepted among researchers and its use is also well established, especially after the index was reviewed (13) , which has simplified data collection and analysis.
The mouth prevalence of enamel defects in this study is 56.0%. As different indices were used in previous epidemiological studies in Malaysian children, the results of the present study are not directly comparable to those earlier surveys. In the 1970-1971 survey (4), Dean's Index of dental fluorosis was used and it was reported absent. The modified Dean's index was used in subsequent surveys (5-7) and the prevalence of defects among 16-year-old children in Peninsular Malaysia and Sabah was 23.5% and 10.4% respectively. Thus, the prevalence observed in the present study is much higher than previously reported. An increase in prevalence of enamel defect have also been reported by other workers in other countries (15, 16, 20, 22, 27, 28) and possible contributing factors that have been suggested by other researchers are inappropriate use of fluoride supplements, ingestion of fluoridated toothpaste, increase amount of fluoride in food and atmosphere.
The results of this study showed that the prevalence of DOE is much lower in the non-fluoridated areas than the fluoridated areas, 69.6% for fluoridated areas as compared to 38.6% for non-fluoridated areas. With the exception of a study in Ireland (16) which reported similar prevalence of enamel defects (63 %) among l5-year-olds living in fluoridated and nonfluoridated areas, almost all the other investigators found lower prevalence in the non-lluoridated areas. However, the mouth prevalence of DOE in this study for lluoridated as well as non-fluoridated area is much lower than those reported by other countries (22, 26, 28 
